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Abstract
We describe the reliability of the VITEK-2 Compact and overnight MicroScan panels for direct identiﬁcation and susceptibility testing
from the BacT/ALERT blood culture system when using FAN (FA and FN) bottles. A simple procedure, in two centrifugation steps, was
designed to remove the charcoal particles present in FA and FN bottles. A total of 113 positive blood cultures showing Gram-negative
rods were investigated. Enterobacteriaceae were isolated in 104 cases, and Pseudomonas aeruginosa in nine. The MicroScan system cor-
rectly identiﬁed 106 (93.8%) of the 113 isolates. The seven identiﬁcaction errors included P. aeruginosa (three), Enterobacter cloacae
(one), Escherichia coli (one), Klebsiella oxytoca (one), and Klebsiella pneumoniae (one). The VITEK-2 system correctly identiﬁed 109
(96.5%) of the 113 samples obtained directly from the blood culture bottles. The four unidentiﬁed isolates were Enterobacter cloacae
(two), Escherichia coli (one), and P. aeruginosa (one). MicroScan yielded 4/779 (0.5%) very major errors and 28/2825 (0.9%) minor errors.
VITEK-2 yielded 2/550 (0.36%) very major errors, 1/1718 (0.05%) major error, and 32/2373 (1.3%) minor errors. Both systems provided
excellent identiﬁcation (correlation of >90%) and susceptibility (correlation of >98%) results. The average times required to obtain iden-
tiﬁcation and susceptibility results using the direct test applied to the VITEK-2 Compact system were 4.57 ± 1.37 h and 6.52 ± 1.64 h,
respectively. The VITEK-2 compact system provided results on the same day that the blood culture was found to be positive.
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Introduction
Bacteraemia continues to be one of the leading causes of
morbidity and mortality worldwide. There are several factors
that inﬂuence the clinical evolution of bloodstream infections.
Among these, the identity and the antimicrobial susceptibility
of the microorganisms involved have a great impact on the
clinical management of the patient [1–4]. Thus, it has been
demonstrated that inadequate empirical treatment of sepsis
is related to a higher risk of clinical complications. These
studies also demonstrated that decreasing the time needed
to obtain the identiﬁcation and susceptibility results led to
signiﬁcant reductions in patient mortality and overall hospital
costs.
In order to decrease the time needed to obtain the
results, automated identiﬁcation and susceptibility testing sys-
tems are faced with the challenge of adapting their validated
protocol using overnight bacterial isolates taken from solid
media to protocols allowing direct inoculation from positive
blood cultures. This could offer the possibility of having iden-
tiﬁcation and susceptibility test results available on the same
day that a positive blood culture was detected.
Although several studies have reported the reliability of
automated systems for identiﬁcation and susceptibility testing
directly from the BACTEC 9240 (BD, Sparks, MD, USA) or
BacT/ALERT (Biome´rieux, Durham, NC, USA) blood culture
systems [5–9], the protocols include long incubation times and
multiple centrifugation steps that make their use difﬁcult for
routine purposes [10]. Otherwise, there are no published data
on the performance of automated identiﬁcation and suscepti-
bility testing systems adapted to direct inoculation from the
BacT/ALERT blood culture system using FA and FN culture
bottles. These media contain absorbent charcoal particles that
can potentially interfere with the direct testing procedures.
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The objective of this study was to evaluate the reliability
and accuracy of two automated identiﬁcation and susceptibil-
ity testing systems, the VITEK-2 Compact (Biome´rieux,
Marcy l’Etoile, France) and the MicroScan (Dade Behring,
Inc., West Sacramento, CA, USA), for direct identiﬁcation
and susceptibility testing of Gram-negative rods directly from
positive BacT/ALERT FA and FN blood culture bottles.
Materials and Methods
A total of 113 prospective positive blood culture samples
showing Gram-negative enteric organisms with bacillus-like
morphology, derived from patients suspected of having bac-
teraemia, were included in the study. The growth of bacteria
in FA and FN blood culture bottles was continuously moni-
tored using the BacT/ALERT system. Positive bottles giving
mixed cultures after overnight plate incubation were
excluded from the study.
Once a blood culture was found to be positive, one ali-
quot was used to inoculate the VITEK-2 Compact cards and
the MicroScan panels using the direct test procedure.
Another aliquot was subcultured on a combination of agar
plates. A simple and rapid direct testing procedure was vali-
dated for both systems.
MicroScan system (direct testing procedure)
To inoculate the MicroScan Combo 1S overnight conven-
tional panels, a 5-mL aliquot was centrifuged at 900 g
for 10 min. The supernatant was used to make a bacterial
suspension adjusted to McFarland standard 2, and 100 lL of
this suspension was added to 25 mL of distilled water
containing Tween-80. Panels were ﬁnally inoculated using the
Renox inoculation system, and incubated at 37C for18–24 h
before being read by the Autoscan system (Dade Behring,
Inc.).
VITEK-2 Compact system (direct testing procedure)
ID-GN and AST-N 020 cards were used, respectively, for
identiﬁcation and susceptibility testing directly from positive
BacT/ALERT FA and FN blood cultures. To inoculate the
VITEK-2 cards directly from a positive blood culture bottle,
a 5-mL aliquot was centrifuged at 60 g for 10 min. The
supernatant was removed and transferred to a new tube,
and then centrifuged at 900 g for 10 min. The supernatant
was discarded, and the sediment was used to make a bacte-
rial suspension adjusted to a McFarland standard of 1. At this
point, the VITEK-2 Compact cards were inoculated following
the manufacturer’s instructions. Bacterial isolates obtained
from subculture on agar plates and overnight incubation
were used to perform the conventional MicroScan and VI-
TEK-2 inoculation protocol.
Data analysis
The results obtained using the standard inoculation proce-
dure for each system were used as reference methods. Dis-
crepant identiﬁcation or susceptibility results were resolved
by using the API 20E (Biome´rieux) and the Etest (AB Bio-
disk), respectively.
Discrepancies in category interpretation by both methods
were determined for each antibiotic. Category disagreements
were classiﬁed as follows: very major error (false susceptibil-
ity) when the result was susceptibility with the direct inocu-
lation method but resistance with the reference procedure;
major error (false resistance) when the result was resistance
with the direct inoculation protocol but susceptibility with
the reference method; and minor error when a susceptibility
result of ‘I’ was obtained with the direct procedure and a
susceptibility result of ‘S’ or ‘R’ with the reference protocol,
or a susceptibility result of ‘I’ was obtained with the refer-
ence method and a susceptibility result of ‘S’ or ‘R’ with the
direct procedure.
Results
A total of 113 positive blood culture samples showing
Gram-negative rods were investigated. A member of the
Enterobacteriaceae was isolated in 104 cases: 56 Escherichia
coli, 23 Klebsiella sp., four Salmonella sp., 13 Enterobacter sp.,
two Morganella morganii, and six Serratia marcescens. Pseudo-
monas aeruginosa was isolated in nine cases.
The MicroScan system correctly identiﬁed 106 (93.8%) of
the 113 isolates. The seven identiﬁcation errors included
P. aeruginosa (three), Enterobacter cloacae (one), E. coli (one),
Klebsiella oxytoca (one), and Klebsiella pneumoniae (one). The
VITEK-2 system correctly identiﬁed 109 of the 113 samples
obtained directly from the blood culture bottles (96.5%).
The four unidentiﬁed isolates were Enterobacter cloacae
(two), E. coli (one) and P. aeruginosa (one). The assessed sys-
tems showed >90% agreement in bacterial identiﬁcation.
From the 2373 combinations giving a susceptibility category
with the VITEK-2 Compact and the 2825 obtained with the
MicroScan system, the overall category agreement was found
to be >95% for the two systems.
MicroScan yielded 4/779 (0.5%) very major errors and 28/
2825 (0.9%) minor errors (Table 1). The VITEK-2 system
yielded 2/550 (0.36%) very major errors, 1/1718 (0.05%)
major error and 32/2373 (1.3%) minor errors (Table 1). The
main agreement percentage given by both methods was in
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the susceptibility category, 99.2 % for VITEK-2 and 99.5% for
MicroScan. Agreement in the resistance category was greater
with MicroScan (99.5%) than with VITEK-2 (98.7%). Finally,
in the intermediate category, the MicroScan system showed
74% agreement, whereas the VITEK-2 system showed 85.7%
(Table 1). The distribution of errors by antibiotic using both
systems is shown in Table 2.
Of the 104 enterobacterial isolates, seven produced
extended-spectrum b-lactamases (ESBLs). They were identi-
ﬁed as E. coli (three) and K. pneumoniae (four). The Micro-
Scan system warned of the possibility of ESBL production in
the seven isolates. The VITEK-2 system detected ESBL pro-
duction in ﬁve strains. In two of the four K. pneumoniae
strains an antibiogram resistant pattern was detected but
was not compatible with an ESBL proﬁle and reported as
incoherent phenotype by the VITEK-2 software.
The average times required to obtain an identiﬁcation and
susceptibility result by using the direct test applied to the
VITEK-2 Compact system were 4.57 ± 1.37 h and
6.52 ± 1.64 h, respectively. No statistically signiﬁcant differ-
ence was found in the average time to result between the
direct and the standard procedure in the VITEK-2 Compact
system. This system provided a ﬁnal identiﬁcation and
susceptibility result in <6 h for 80% of the samples tested.
The time needed to obtain a ﬁnal identiﬁcation and suscepti-
bility result with the MicroScan system was 18–24 h for both
inoculation protocols.
Discussion
Using the direct method, both systems correctly identiﬁed
>90% of the Enterobacteriaceae isolates included in the study
and 89% of P. aeruginosa isolates. Other comparative evalua-
tions of the susceptibility testing systems have suggested that
very major errors should occur in <1.5% of all tests, and the
overall agreement between test and reference method
should be superior to 95% [11]. In our study, we found only
0.36% of very major errors, and the percentage of complete
agreement in the susceptibility and resistance categories was
>96% in both systems. As shown by Waites et al. [11], minor
errors accumulated in the intermediate category. Bruins
et al. [5] obtained similar results when testing VITEK-2 direct
inoculation from positive BACTEC blood culture bottles. In
this case, they used resin-containing bottles and VITEK-2
ﬂuorescent identiﬁcation cards. Our protocol, consisting of
two centrifugation steps, is easy to perform and allows char-
coal to be removed so that identiﬁcation and susceptibility
results using the ID-GN colorimetric VITEK-2 identiﬁcation
cards and AST-N020 susceptibility cards yielded satisfactory
results.
Several studies have demonstrated the adverse effect of
delays in effective initiation of antimicrobial therapy on patient
survival [3,12–14]. In our hospital, ESBL-producing Enterobacte-
TABLE 1. Category agreement between VITEK-2 and MicroScan systems vs. the standard method
Interpretative
category
VITEK-2 Compact MicroScan
No. of
antibiotics
tested
No. of
strains in
agreement
(%)
No. of
minor
errors
a
(%)
No. of
major
errors
a
(%)
No. of
very major
errors
a
(%)
No of
antibiotics
tested
No. of
strains in
agreement
(%)
No. of
minor
errors
(%)
No. of
major
errors
(%)
No. of
very major
errors
(%)
Susceptible 1718 1705 (99.2) 1977 1967 (99.5)
Intermediate 105 90 (85.7) 69 51 (74)
Resistant 550 543 (98.7) 779 775 (99.5)
Total 2373 2338 (98.5) 32 (1.3) 1b (0.04) 2c (0.08) 2825 2793 (98.8) 28 (0.9) 0 4d (0.14)
aThe denominator for the major error rate is the total number of MICs indicating bacterial susceptibility as determined by the standard method, and that for very major
errors is the total number of MICs indicating bacterial resistance as determined by the standard method. For minor errors, the denominator indicates total antibiotic MIC
combinations.
bEscherichia coli.
cPseudomonas aeruginosa, Morganella morganii.
dKlebsiella oxytoca, Klebsiella pneumoniae, E. coli, M. morganii.
TABLE 2. Number of minor errors by antibiotic and system
after resolution of discrepancies
Antibiotic VITEK-2 Compact MicroScan
Ampicillin – 2
Amoxycillin–clavulanate 1 10
Piperacillin 12 4
Piperacillin–tazobactam – 1
Cephalotin 10 6
Cefuroxime 1 3
Ceftazidime 1 1
Cefotaxime 2 –
Cefepime 2 –
Aztreonam – 2
Gentamicin 1 –
Tobramicin 2 1
Amikacin – 1
Ciproﬂoxacin 2 1
Norﬂoxacin 1 –
Total 35 32
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riaceae and multiresistant P. aeruginosa have become endemic,
causing nearly 20% of infections. Therefore, the percentage of
inadequate empirical therapy is high. The VITEK-2 Compact
system of rapid antimicrobial testing provides, directly
from FAN BacT/ALERT positive blood cultures, reliable sus-
ceptibility results in 6.52 ± 1.64 h, allowing reduction of
turn-around time to approximately 24 h. These data permit
the initiation of contact isolation measures and the changing
of inadequate empirical treatment sooner than if conven-
tional methods are used. Other studies have shown that
rapid identiﬁcation and susceptibility testing results in earlier
switches in antibiotic therapy, narrowing the spectrum and
reducing total antibiotic consumption [1,15].
In this study, we demonstrate the usefulness of the
protocol for direct identiﬁcation and susceptibility testing of
Enterobacteriaceae from BacT/ALERT FA and FN bottles
containing charcoal particles. The identiﬁcation and suscepti-
bility testing of non-fermenters following direct inoculation
appeared to be less reliable, but we tested only nine
strains, so these results must be interpreted with extreme
caution. Our study is also limited by the fact that we did
not test Gram-positive cocci, which are implicated in a
large amount of positive blood cultures. Gram-positive
microorganisms, particularly staphylococci, adhere strongly
to charcoal particles; this fact may therefore have contrib-
uted to our lack of success in developing a protocol for
direct testing from FAN bottles. Further studies are needed
to validate a methodology with the capacity to reliably
identify and provide correct susceptibility results from
blood cultures yielding Gram-positive microorganisms.
Polymicrobial blood cultures with Gram-negative organisms
were not included in the study, but the present technique
has demonstrated, in our daily routine (data not shown),
that it can be used to provide direct susceptibility test
results in these cases.
As the goal of the microbiology laboratory is to provide
rapid, reliable and clinically relevant results, direct inoculation
of VITEK-2 cards from positive blood cultures can help clini-
cians to more rapidly determine adequate treatment. How-
ever, the use of this procedure implies a skilled review of
potential inaccuracies stemming from polymicrobial cultures.
Thus, a clinical microbiologist should be available during the
evening schedule. Otherwise, the overnight MicroScan panel
could be a good option.
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